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,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
9ROWHUUD6HULHV0RGHOLQJIRU$QDORJWR'LJLWDO&RQYHUWHUV
<DQJ<DQJ&KHQ<XH\DQJ=KRQJ6KXQ¶DQ/L/LQ\XH
,QIRUPDWLRQDQG(OHFWURQLFV'HSDUWPHQW%HLMLQJ,QVWLWXWHRI7HFKQRORJ\%HLMLQJ&KLQD


$EVWUDFW
7KHPRGHOLQJ IRU$QDORJ WR'LJLWDO &RQYHUWHUV $'&V KDV EHHQ ODUJHO\ DSSOLHG LQ UHFHQW \HDUV IRU GLJLWDO SRVW
FDOLEUDWLRQ ,Q WKLV SDSHU DFFRUGLQJ WR WKH H[LVWLQJ PRGHOLQJ PHWKRGV WKH 9ROWHUUD VHULHV FDQ EH XVHG WR
PDWKHPDWLFDOO\PRGHOWKH$'&VV\VWHP3UHOLPLQDU\H[SHULPHQWDOUHVXOWVZKLFKYDOLGDWHWKHSURSRVHGDSSURDFKDUH
SUHVHQWHGLQWKHSDSHUWRVKRZWKHFRUUHFWQHVVRIWKH9ROWHUUDVHULHVPRGHOLQJ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGVPRGHOLQJPHWKRGV$QDORJWR'LJLWDOFRQYHUWHUV9ROWHUUDVHULHV
,QWURGXFWLRQ
0RGHUQ GLJLWDO VLJQDO SURFHVVLQJ V\VWHPV KDYH UDLVHG D YHU\ KLJK GHPDQG IRU $QDORJ WR 'LJLWDO
&RQYHUWHUV$'&VRQVSHHGUHYROXWLRQVL]HDQGSRZHU%XWWKHUHODWLRQVKLSVDPRQJQRLVHVSHHGSRZHU
DQG QRQOLQHDU DUH LQWHUDFWLRQ ,W LV DFFXVWRPHG WR GHVFULEH WKH SHUIRUPDQFH RI $'&V FLUFXLW ZLWK '&
FKDUDFWHULVWLFVDQG$&FKDUDFWHULVWLFV'&FKDUDFWHULVWLFVRI$'&VDUHXVXDOO\XVHGWRGHVFULEHLQSXWDQG
RXWSXWFKDUDFWHULVWLFVLQVPDOOVLJQDODQDO\VLVDQGWRGHVFULEHVWDWLFSURSHUW\RI$'&VWKURXJKRIIVHWHUURU
JDLQHUURUQRQOLQHDULW\HUURU'1/,1/ ,Q$'&V¶ ODUJHVLJQDODQDO\VLV6LJQDO WR1RLVHDQG'LVWRUWLRQ
5DWLR 6SXULRXV )UHH '\QDPLF 5DQJH 6LJQDO WR 1RLVH 5DWLR (IIHFWLYH 1XPEHU RI %LWV +DUPRQLF
'LVWRUWLRQ DQG7RWDO +DUPRQLF 'LVWRUWLRQ DUH XVHG WR GHVFULEH WKH $& FKDUDFWHULVWLFV RI $'&V >@ ,W
XVXDOO\DQDO\]HVWKHIDFWRUVWKDWDIIHFWWKH$'&V¶SHUIRUPDQFHWKURXJKQRQOLQHDULW\QRLVHDQGPLVPDWFKHV
RIWKHFLUFXLWV
,QRUGHUWRHOLPLQDWHQRQOLQHDULW\QRLVHDQGPLVPDWFKZKLFKDUHUHVXOWLQJLQGLVWRUWLRQRIWKHRXWSXW
VLJQDOWKHUHDUHVSHFLDOFLUFXLWVDQGOLQHDUL]DWLRQWHFKQLTXHVWRLPSURYHWKH$'&VSHUIRUPDQFH
'LIIHUHQW$'&VSHUIRUPDQFHV UHTXLUHGLIIHUHQW$'&VFLUFXLW VWUXFWXUHV+LJKSUHFLVLRQ FLUFXLWV QHHG
WKHZHOOVXSSUHVVHGQRLVHDQGGLVWRUWLRQEXWWRVXSSUHVVWKHQRQOLQHDUDQGQRLVHLQWKHFLUFXLWVWKHH[LVWLQJ
DQDORJWHFKQRORJ\XVLQJLQWKHGHVLJQZLOOUHVXOWLQLQFUHDVLQJSRZHUDQGVL]HLIWKH$'&VZLWFKLQJUDWH
NHHSVXQFKDQJHG)RUH[DPSOHWKHVSHHGRIIODVK$'&LVKLJKHUWKDQWKHRWKHUVEXWWKHVL]HDQGSRZHU
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FRQVXPSWLRQ NHHS H[SRQHQWLDO LQFUHDVHZLWK WKH JURZWK RI$'&V¶ UHVROXWLRQ$QGRYHUVDPSOLQJ$'&V
FDQVXSSUHVVWKHQRLVHHIIHFWLYHO\DWWKHH[SHQVHRIWKHFRVWRIVZLWFKLQJVSHHG>@
6LQFH GLIIHUHQW FLUFXLWV KDYH GLIIHUHQW OLPLWV VR WKH RWKHU PHWKRG WKH OLQHDUL]DWLRQ WHFKQLTXHV
EHFRPHVPRUHDQGPRUHLPSRUWDQW%DVHGRQDYDULHW\RIIDFWRUVOHDGLQJWRQRQOLQHDURI$'&VWKHUHDUH
SURSRVHGWZRNLQGVRIFDOLEUDWLRQWHFKQLTXHVWRDFKLHYHKLJKVSHHGDQGUHYROXWLRQ7KHILUVWRQHLVDQDORJ
FDOLEUDWLRQ ZKLFK LV XVH DGGLWLRQDO DQDORJ FLUFXLW WR FDOLEUDWH WKH QRQOLQHDULW\ 7KH RWKHU NLQG RI
OLQHDUL]DWLRQWHFKQLTXHLVGLJLWDOFDOLEUDWLRQZKLFKKDVEHHQXVHGZLGHO\IRUVHYHUDO\HDUV>@
7KLVSDSHU ILUVW LQWURGXFHV WKHEDVLF WKHRU\ DERXW WKHGLJLWDO SRVWFDOLEUDWLRQ7KHQ DFFRUGLQJ WR ILYH
PHWKRGVRISRVWFDOLEUDWLRQZHFKRRVHWKHVXLWDEOHRQH9ROWHUUDVHULHVWRVHWXSWKH$'&VPRGHO)LQDOO\
WKHUHVXOWRIWKH9ROWHUUDVHULHVPRGHOZLOOEHVKRZQLQWKHSDSHU
'LJLWDOFDOLEUDWLRQ
7KHPDLQ SULQFLSOH RI GLJLWDO FRUUHFWLRQ WHFKQRORJ\ LV WR DGG VRPH SVHXGRUDQGRP VHTXHQFH DV WKH
FRUUHFW VLJQDO LQ WKH LQSXW VLJQDO7KHQ WKH QH[W VWHS LV WR SURFHVV WKH HUURU RIPHDVXUHPHQW LQ GLJLWDO
GRPDLQ 1RZ WKHUH DUH WZR FRPPRQO\ XVHG GLJLWDO FRUUHFWLRQ WHFKQLTXHV SUHFDOLEUDWLRQ DQG SRVW
FDOLEUDWLRQ3UHFDOLEUDWLRQQHHGVWRDGGWKHVHSDUDWHFDOLEUDWLRQF\FOHDPRQJWKHQRUPDOWUDQVIRUPF\FOHV
,QVRPHV\VWHPV WKLVSDXVHVLWXDWLRQ LVXQDFFHSWDEOH$OWKRXJK WKHSRVWFDOLEUDWLRQZLOOFRVWPRUHWLPH
WKHOLQHDUL]DWLRQDQGWUDQVIRUPFDQUXQDWWKHVDPHWLPHZKLFKLVDQXQPDWFKHGDGYDQWDJHFRPSDUHGZLWK
WKHSUHFDOLEUDWLRQ>@$ERYHDOOGLJLWDOSRVWFDOLEUDWLRQLVFKRVHQWRFRUUHFWWKHQRQOLQHDURI$'&LQWKLV
SDSHU

 9 WL  9 W
 ü

)LJXUH 'LJLWDO3RVWFDOLEUDWLRQ
7RDQDO\]HQRQOLQHDULW\RI$'&VPRGHOLQJLVWKHILUVWVWHS$VVKRZQLQ)LJXUHEDVHGRQWKH$'&V
PRGXOHDQLQYHUVH9ROWHUUDPRGXOHFDQEHHPSOR\HGWRH[HFXWHWKHSRVWFDOLEUDWLRQVRWKDWWKHGLVWRUWLRQ
FRPSHQVDWHG RXWSXW VLJQDO Ö W[  6R KRZ WR VHW XS WKH $'&VPRGHO TXLFNO\ DQG DFFXUDWHO\ LV WKHPRVW
GLIILFXOWSUREOHPLQWKHPRGHOLQJSURFHVV,QWUDGLWLRQDOPRGHOLQJPHWKRGVWKHPRGHOVHWXSE\REVHUYLQJ
WKHLQWHUQDOFLUFXLWVDQGWUDFNLQJWKHNH\LQGH[LQWKH$'&V%XWLQWKHGLJLWDOSRVWFDOLEUDWLRQWKH$'&V
FRQVLGHUHGDVD³EODFNER[´$FFRUGLQJWRWKHGHFRPSRVLWLRQODZWKH³EODFNER[´PRGHOFDQGHVFULEHWKH
G\QDPLFVRIWKHV\VWHP>@
0RGHOLQJPHWKRGV
7KHUHDUHD ORWRIPHWKRGV IRUQRQOLQHDUDQDO\VLV OLNHSRZHU VHULHV7D\ORU VHULHVKDUPRQLFEDODQFH
DQDO\VLV9ROWHUUDVHULHVDQGQHXUDOQHWZRUNPHWKRGZKLFKLVZLGHO\PHQWLRQHGLQUHFHQW\HDUV>@>@
3RZHUVHULHVPRGHO
3RZHUVHULHVLVDWUDGLWLRQDOPHWKRGRIQRQOLQHDUDQDO\VLVLWLVVLPSOHDQGFOHDUDWWKHVDPHWLPHLWLV
YHU\XVHIXO IRUZHDNPHPRU\OHVVDQGQRQOLQHDU FLUFXLW DQDO\VLV:LWK WKLVPHWKRGQRQOLQHDULW\ FDQEH
VKRZQE\RQO\DVLPSOHIXQFWLRQ$VVXPLQJRXWSXWYROWDJHDV  8R I LQSXWYROWDJHDV  9 WL WKHQWKHRXWSXW
VLJQDOFDQEHH[SUHVVHGDVDVLPSOHSRZHUVHULHVDQGWKHFRHIILFLHQWVDUHREWDLQHGE\H[SHULPHQWDOGDWD
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$FWXDOO\ SRZHU VHULHVPRGHO FDQEH GLYLGHG LQWR D IUHTXHQF\ VHQVLWLYH QHWZRUN DQG DPHPRU\OHVV
QRQOLQHDUQHWZRUN7KH WUDQVIHU IXQFWLRQRI WKHIUHTXHQF\VHQVLWLYHQHWZRUN LVD OLQHDU IXQFWLRQZKLFK LV
HDV\ WR WUHDWZLWK$QG WKHQRQOLQHDUFKDUDFWHULVWLFV LQ WLPHGRPDLQFDQEHH[SUHVVHGDVDSRZHU VHULHV
(TXLYDOHQW QHWZRUN RI WKH WZR SDUWV FDQ EH WUHDWHG ZLWK VHSDUDWHO\ IRU IUHTXHQF\ VHQVLWLYH QHWZRUN LW
GLUHFWO\PXOWLSOLHVWKHLQSXWVLJQDO  L8 I E\WUDQVIHUIXQFWLRQ ( )+ I WRJHW WKHOLQHDURXWSXW7KHQWUHDW WKH
WLPHGRPDLQIXQFWLRQRIWKHIUHTXHQF\VHQVLWLYHQHWZRUNDVWKHLQSXWRIWKHQRQOLQHDUQHWZRUNWRJHW WKH
QRQOLQHDURXWSXW
 9 WR 


)LJXUH 3RZHUVHULHVPRGHO
$OWKRXJKWKHSULQFLSOHRISRZHUVHULHVLVVLPSOHLWLVRQO\DSSOLFDEOHWRZHDNO\QRQOLQHDUFLUFXLWV)RUD
PHPRU\GHYLFHLW¶VXQDEOHWRVHWXSPRGHOZLWKSRZHUVHULHV6RSRZHUVHULHVPHWKRGGRHVQRWDSSOLHGWR
WKHQRQOLQHDUV\VWHPVVXFKDV$'&V
+DUPRQLFEDODQFHPRGHO
+DUPRQLFEDODQFHPHWKRGLVPDLQO\XVHGLQVWURQJQRQOLQHDUFLUFXLWZLWKODUJHVLJQDOVWLPXODWLRQOLNH
ODUJH SRZHU DPSOLILHUV ,Q KDUPRQLF EDODQFH PHWKRG WKH FLUFXLW LV GLYLGHG LQWR OLQHDU QHWZRUN DQG
QRQOLQHDUQHWZRUNDQGWKHFXUUHQWRIWKHVHWZRQHWZRUNVLVHTXDOZLWKWKHVDPHKDUPRQLFYROWDJH8VLQJ
GLIIHUHQWDQDO\WLFDOPHWKRGVWRDQDO\]HWKHVHWZRQHWZRUNVWKHQJHWWKHKDUPRQLFEDODQFHHTXDWLRQZLWKWKH
VDPHFXUUHQWSULQFLSOH6RWKHKDUPRQLFEDODQFHYROWDJHLQDQ\GHYLFHFDQEHREWDLQHGZLWKWKLVHTXDWLRQ

)LJXUH +DUPRQLFEDODQFHPRGHO
7KHKDUPRQLFEDODQFHPRGHOLVPDLQO\XVHGLQVHULRXVGLVWRUWHGFLUFXLWDQDO\VLV+RZHYHUIRU$'&VD
VPDOOGHYLDWLRQZLOOFDXVHVLJQDOGLVWRUWLRQEHFDXVH$'&VDUHPDLQO\XVHGLQVLJQDO WUDQVIRUPDWLRQ,W LV
LPSRVVLEOH WR FRPSOHWH WKH WUDQVIRUPDWLRQ LI WKHUH DUH VHULHV GLVWRUWLRQV VR JHQHUDOO\ WKHUH LV QR ODUJH
VLJQDOVWLPXODWLRQRUVHULRXVQRQOLQHDULW\7UDGLWLRQDOQRQOLQHDULQGH[RI$'&VOLNH,1/'1/HWFDUHYHU\
VPDOOLWFDQUHDFK/6%RUOHVVLIWKHFHUWDLQW\RIPHDVXUHPHQWLVYHU\KLJK$ERYHDOO$'&VDUHZHDN
QRQOLQHDUFLUFXLWVQRWVXLWDEOHIRUKDUPRQLFEDODQFHPRGHOLQJ
1HXUDOQHWZRUNPRGHO
1HXUDOQHWZRUNLVRQHRIWKHIURQWOLQHLVVXHVLQQRQOLQHDULW\DUHD7KHPDLQLGHDLVWRWUDLQWKHQHXUDO
QHWZRUN ZLWK GDWHV ZKLFK DUH REWDLQHG WKURXJK WKH FLUFXLW WHVWLQJ $Q DFFXUDWH UHVXOW FDQ EH DFKLHYHG
LPPHGLDWHO\LIWKHWUDLQLQJLVVXFFHVVIXO1HXUDOQHWZRUNPRGHOLQJFDQEHGLYLGHGLQWRWKUHHVWHSV
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• 8VLQJWKHLQSXWDQGRXWSXWYDOXHVRIWKHPRGHOREWDLQHGWKURXJKDFWXDOH[SHULPHQWDVWKHLQSXWDQG
RXWSXWYDOXHVRIWKHQHXUDOQHWZRUN
• 8QGHUH[SHFWHGDFFXUDF\ WUDLQLQJWKHQHXUDOQHWZRUNZLWKWKHNQRZQLQSXWDQGRXWSXWYDOXHVWR
JHWWKHYDOXHRIWKHYDULRXVIHDWXUHVRIWKHQHWZRUN
• 6HWWLQJXSQHXURQVDQGQHXUDOQHWZRUNPRGHO
9
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R9
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
)LJXUH (TXLYDOHQWFLUFXLWRIVLQJOHQHXURQ
7KH QHXUDO QHWZRUNZKLFK KDV WKH VHWWLQJ DFFXUDF\ LV FRPSRVHG RI WUDLQHG QHXURQV7KLVPHWKRG LV
XQLYHUVDODQGVLPSOHRQO\WKHLQSXWDQGRXWSXWYDOXHVRIWKHWHVWHGGHYLFHDUH LQQHHG%XWWKHPRGHOLQJ
SURFHVVLVQRWPDWXUHIRUFRPSOH[RXWSXWDQGLQSXWV\VWHP6RWKLVPHWKRGZLOOQRWEHGLVFXVVHGLQ$'&V
QRQOLQHDULW\PRGHOLQJ
7D\ORUVHULHVPRGHO
$QRWKHU FRPPRQO\ XVHGPHWKRG LV7D\ORU VHULHV ,W FDQEH XVHG IOH[LEOH LQ QRQOLQHDU DQDO\VLV7KH
PDLQ LGHD RI 7D\ORU VHULHV LV WR FRQYHUW QRQOLQHDU FLUFXLWV LQWR OLQHDU FLUFXLWV 7D\ORU VHULHV FDQ EH
H[SUHVVHGDVIROORZV
      
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 (2) 
7D\ORUVHULHVPHWKRGFRQYHUWG\QDPLFUHVSRQVHSUREOHPRIWKHVWUXFWXUHLQWRWKHG\QDPLFFDOFXODWLRQ
RI7D\ORUVHULHVFRHIILFLHQWV7KLVZD\FDQSUHGLJHVW WKHFDOFXODWLRQDQGJHWH[DFWQXPHULFDOVROXWLRQRI
WKH OLQHDU SUREOHP %XW LW¶V LPSRVVLEOH WR VKRZ WKH QRQOLQHDU RI WKH DQDORJ SDUWV DFFXUDWHO\ DQG
FRPSUHKHQVLYHO\:KLOHDQDORJFRPSRQHQWRI$'&VFLUFXLWVDFFRXQWVIRUDODUJHSURSRUWLRQ7D\ORUVHULHV
FDQQRWPHHWWKHUHTXLUHPHQWRI$'&V¶OLQHDUL]DWLRQ
9ROWHUUDVHULHVPRGHO
,QUHFHQW\HDUVGXHWRWKHH[WHQVLYHXVHRISLSHOLQHG$'&VDQDIIHFWLRQFDOOHG³PHPRU\HIIHFW´JHWV
JUDGXDOO\DWWHQWLRQLQWKHGHVLJQRI$'&V7KHUHOD[DWLRQHIIHFWVRI$'&FDQEHH[SUHVVHGDVIROORZ
 OQ 

W I9 N 9 9F R LQ LQW
γ= = . (1) 
)RU 
N
GHWHUPLQHGE\WKHFDSDFLWRULWVHOIIURPWKHSRLQWRQVKRUWFLUFXLWWKHFDSDFLWRUWR 
W
DQGWKHQ
VXVSHQGLWWR
W I 
³0HPRU\HIIHFW´LVGXHWRQRWIXOO\FKDUJHDQGGLVFKDUJHRIFDSDFLWRUGLHOHFWULFLQFRPSOHWHVHWWLQJRI
FDSDFLWRUHIIHFWVDQGVRRQ7KHVHHIIHFWVZLOOPDNHWKHSUHYLRXVVWDWHRIFRQYHUVLRQDIIHFWVWKHVXEVHTXHQW
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FRQYHUVLRQZRUN$V WKHGHYHORSPHQWRI WKH WHFKQLTXHVQHZPDWHULDO FDQGHFUHDVHFKLSVL]HDVZHOO DV
LPSURYHFRQGHQVHUFDSDFLW\WRPHHWSURFHVVUHTXLUHPHQW+RZHYHUDWWKHVDPHWLPHWKHUHOD[DWLRQHIIHFW
FDXVHGE\FDSDFLWDQFH LVPRUHDQGPRUH VHULRXV OHDGLQJ WR LQFUHDVLQJ LQIOXHQFHRI³PHPRU\HIIHFW´ ,Q
VRPHFDVHVWKHLQIOXHQFHRI³PHPRU\HIIHFW´LVHYHQPRUHWKDQWUDGLWLRQDOQRQOLQHDUIDFWRUVVRWKHGHVLJQ
RIKLJKUHYROXWLRQ$'&VKDVWRFRQVLGHULW>@
9ROWHUUDVHULHVLVDFWXDOO\DJHQHUDOL]HGSRZHUVHULHVDQGLWLVDOVRDPHWKRGWKDWDGGV³PHPRU\HIIHFW´
LQWR WUDGLWLRQDO SRZHU VHULHV9ROWHUUD VHULHV FDQRYHUFRPH WKHGLVDGYDQWDJHV RI SRZHU VHULHV DQG VKRZ
QRQOLQHDU FKDUDFWHULVWLFV RI $'&VPRUH SUHFLVHO\ ZLWK WKH HIIHFWV RI ³PHPRU\ HIIHFW´PHDQZKLOH >@
6SHFLILFDOO\WKHPRGXOHFDQEHFRQVWUXFWHGIURPWZRNHUQHOV  I+ DQG   II+ DV
³ ³³ −−+−=   τττττττττ GW[W[KGW[KW\ . (1) 
5HVXOWV
,QWKHV\VWHPRIVPDOODQGPHGLXPQRQOLQHDUFLUFXLWVWKH9ROWHUUDVHULHVRQO\QHHGVWKHILUVWIHZLWHPV
WR VKRZ QRQOLQHDULW\ RI WKH V\VWHP 7KHUHIRUH FRQVLGHULQJ WKH VWUXFWXUHV DQG IXQFWLRQDO SURSHUWLHV RI
$'&VDQG WKH LQIOXHQFHRIQRQOLQHDULW\ WKH ILQDOFKRLFHRISRVWFDOLEUDWLRQPHWKRGRI$'&V LV9ROWHUUD
VHULHV

)LJXUH $'&PRGXHO
%DVHGRQWKH9ROWHUUDVHULHVWKHPRGHOLQJIRU$'&VQRQOLQHDULW\FDQEHREWDLQHGDV)LJXUHVKRZV,Q
WKLVSDSHUWKHVWRUGHUDQGQGRUGHU9ROWHUUDNHUQHOVLQIUHTXHQF\GRPDLQZLOOEHXVHGWRJHWWKHPRGHO
7KHVWRUGHU9ROWHUUDNHUQHOLVUHSUHVHQWHGE\DYHFWRUZKLOHWKHQGRUGHUNHUQHOLVGHVFULEHGDVDVXUIDFH
LQWKHIUHTXHQF\GRPDLQ
7KH WHVWGHYLFHZDVD1DWLRQDO6HPLFRQGXFWRU$'&7KHVDPSOLQJIUHTXHQF\ZDV*+]DQG
WKHVLJQDOIUHTXHQF\UDQJHZDV0+]*+]/HWWKHPDLQIUHTXHQFLHVRIWKHVLQJOHWRQHLQSXWVLJQDOEH
0+]DQGWKHWRZWRQHLQSXWVLJQDOEH0+]DQG0+]7KHPHDVXUHGDQGV\QWKHWLFGDWDRIWKH
RXWSXWVLJQDOLQIUHTXHQF\GRPDLQDUHGLVSOD\HGLQ)LJXUHDQG)LJXUH
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)LJXUH 7ZRWRQHLQSXWVLJQDOPRGHOLQJDPHDVXUHGGDWDEPRGHOLQJGDWD
$V WKH)LJXUHDQG)LJXUH VKRZV WKH UHVXOWVFOHDUO\ VKRZ WKDWRXU$'&PRGXOHDFKLHYHV VLPLODU
SHUIRUPDQFHWRWKHUHDOGHYLFH
)LQDOO\DFFRUGLQJWRWKH9ROWHUUDPRGHOWKHLQYHUVH9ORWHUUDPRGHOFDQEHGHULYHGWRFRPSHQVDWHWKH
QRQOLQHDU HUURU RI $'&V $V ZHPHQWLRQHG EHIRUH WKH GLJLWDO SRVWFDOLEUDWLRQ FDQ EH DFKLHYHG E\ WKH
H[LVWLQJPRGHO
&RQFOXVLRQ
$'&VPRGHOLQJ DQGHUURUFDOLEUDWLRQ LV D YHU\ DWWUDFWLYH DUHD LQ UHFHQW \HDUV+RZHYHUPRVW RI WKH
UHVHDUFKHVIRFXVRQVLPXODWLQJWKHFLUFXLWV7KLVSDSHUWUHDWV$'&VDVD³EODFNER[´XVLQJ9ROWHUUDVHULHV
WRPRGHO WKH QRQOLQHDU FKDUDFWHULVWLF HIIHFWLYH $QG WKH LQYHUVH 9ORWHUUDPRGHO ZKLFK REWDLQHG E\ WKH
9ROWHUUDPRGHOFDQEHXVHGLQWKHGLJLWDOSRVWFDOLEUDWLRQ:HDUHDOVRFXUUHQWO\ZRUNRQWKHVHGLUHFWLRQV
$FNQRZOHGJPHQW
7KLVZRUNZDVFRRSHUDWHGZLWKWKH8QLYHUVLW\RI&DOLIRUQLD/RV$QJHOHV7KHDXWKRUVHVSHFLDOO\ZLVK
WRWKDQN3KRWRQLFV/DERUDWRU\IRUJLYLQJJHQHURXVJXLGHDQGKHOSRQWKLVUHVHDUFK
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